In this research the possibility of a non-destructive prediction of two main quality parameters of poultry egg using principle component analysis and radial basis function network by the transmission visiblenear infrared spectroscopy method was investigated. The studied parameters include Haugh unit and air cell height as a function of a 5-week storage duration at room (25°C and 40% relative humidity) and refrigerator (5°C and 75% relative humidity) conditions. The spectra were interpreted and a radial basis function network model was developed for both storage conditions at wavelength ranges of 300-1100 nm. The developed models yielded a good prediction accuracy of Haugh unit for intact egg (R 2 value 0.745 and 0.76) as well as air cell height (R 2 value 0.835 and 0.844) for room and refrigerator conditions, respectively. Results of the experiment showed the developed model can be used in the prediction of egg freshness indices satisfactorily.
INTRODUCTION
For table eggs, quality and freshness are prime importance to consumers and it is a fundamental pillar in the human diet. Immediately after egg laying, the aging processes are slightly initiated and the physio-chemical of the poultry egg is altered. During storage, physico-chemical changes occur in the structure of the thick albumen. The liquifaction of thick white and increasing air cell size are largely influenced by the storage time and relative humidity (RH) conditions. Haugh unit (HU) and air cell height are the main characteristics for the freshness assessment of eggs. [1] Consequently there is a need for non-destructive and a rapid method for freshness assessment of poultry eggs. Near-infrared (NIR) spectroscopy is a widely used technique for measuring the internal quality of agro-food products. It is fast and easy to use in process control, grading systems, and a non-invasive technique for on-line applications. Our previous work has proved the ability of NIR in non-destructive and rapid estimation of egg freshness using maximum likelihood method.
With regard to eggs, Bamelis et al. [3] investigated egg freshness using visible-NIR spectroscopy and found a decrease in transmission at 663 nm in stored eggs, and the size of this drop was quadratically related to the storage time. Berardinelli et al. [4] used Fourier transform (FT)-NIR and predicted the height of thick albumen in 80% of the samples with a maximum error of ±1 mm. Kemps et al. [5] used the visible transmission spectra ranging from 200 to 1100 nm and predicted albumen pH and HU were 0.86 and 0.82, respectively.
The principle component analysis (PCA) method can be used to select main components in multivariate regression. Such that PCA, as a dimension reduction approach, is applied without the consideration of the correlation between dependent variable (outputs) and independent variables (regressors). [6] Radial basis function (RBF) network is a function aproximation methodology that is used as an effective tool for prediction in many applications. [7] [8] [9] In this article, a combination of PCA and RBF is introduced, such that first main components are selected using the PCA method and after that, the RBF network is trained for better predictivity. However, if the number of regressors was bigger than experiments, this approach will not work, and for big data it will be time consuming. [10] Different numerical methods can be used to estimate this parameters. The PCA method has been mentioned in numerous articles. [1, [11] [12] [13] [14] [15] To the best of our knowledge, no literature about combining the PCA with RBF network for egg freshness determination using visible (Vis)-NIR spectroscopy have been carried out so far. The purpose of the present research intends to further investigate the ability of Vis-NIR spectroscopy in the prediction of HU and air cell height using PCA and RBF network. In this article, first, available data through robust analysis is preprocessed. Then using PCA, main components are selected such that R 2 value for evaluate data has been maximized. In the final step, RBF is incorporated to assess the air cell height and HU. For training and evaluation process 10-fold cross-validation as a effective tool is used.
MATERIALS AND METHODS

Sample Selection
For the experiment, a total of 300 medium-sized, freshly laid eggs were purchased from the same flock of hens fed with a standard feed from the Kei farm (Kyoto, Japan). To obtain a considerable variation in freshness, on arrival at the laboratory, 50 eggs were analyzed, and the rest were put under controlled conditions of temperature and humidity (T = 24 ± 1°C, RH = 40% and 4-5°C, RH = 75%) for a five-week storage period. A total of 25 eggs from each group were selected for analysis at days 0, 6, 12, 18, 24, and 30.
Quality Parameters of Egg
The quality parameters considered were: HU, and air cell height (mm). HU is the standard method for determination of interior egg quality. Albumen height measurements were recorded using the standard tripod micrometer. Eggs were weighed to the nearest 10th of a gram prior to testing. After weighing, the eggs were broken out onto a glass break-out table for albumen height measurement. The thick albumen height was measured by averaging three measurements carried out at different points of the thick albumen and approximately 10 mm from the yolk and the edge of the thick albumen with a tripod micrometer (B.C. Ames Co., Waltham, MA). The HU was calculated by using the following formula: [16] 1164 ABOONAJMI ET AL.
where H is the albumen height in millimeters, G is the gravitational constant of 32.2, and W is the mass of the egg in gram. The air cell height is measured from the base of the shell in three equidistant points on the circumference described by the contact line of the membrane to the shell, and at the middle point of the same membrane. The air cell height was obtained averaging the values of these four points. [2, 4] Measured air cell height and HU for 100 experiments are shown in Fig. 1 . Comparison of the results showed that storage condition has a great impact on the quality of the eggs. Such that the eggs stored at room temperature showed more quality loss than those stored in refrigerator and degradation in HU and increase in air cell are significant in eggs stored in higher temperature.
Vis-NIR Spectroscopic Data
Vis-NIR transmission data of 300 Borris Brown hen eggs of the same flock fed with a standard ration for each egg were obtained using spectroscope in 832 wavebands. Optical scanning was performed with a fiber optic NIR spectrometer with 10 mm diameter. The set up trasmittance measured at wavelengths from 300-1100 nm with 1 nm increment. For this purpose special sample holder was designed to mount eggs between incident and transmitted light (Fig. 2) . The egg is placed on a foam ring with its blunt end pointed upward. This configuration was chosen in order to reproduce the typical egg orientation in a grading machine. An optical fiber is placed on one side of the egg and transports the transmitted light into an Avaspec-2048 spectrophotometer (Avantes, Eerbeek, The Netherlands). Before acquisition of spectra and after every 10 samples, a white reference was used to obtain the relative transmission as a reference standard. Each spectrum was the average of 10 scans and all measurements were performed on two opposite positions on the equator of each egg marked with a circle. In this way, all spectral were performed at exactly the same position on the eggs. 
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A xenon lamp was used as a light source and a teflon block was used for calibration. Because light is not molecularly absorbed and scattered when it passes teflon, the transmission spectrum of teflon is nearly flat in the Vis and NIR range. This makes it suitable as a reference measurement. [2] For each egg, a non-destructive spectral transmission measurement and then determination of destructive freshness parameters (HU and air cell height) were performed. The spectral data of each egg was obtained by averaging the three measurements. The acquisition time for each measurement was 250 ms. The wavelength of each main peak was detected by the computer for each sample. Before developing the calibration models, the spectra of all samples were pre-processed using the first derivative to increase spectral resolution. To correct both multiplicative and additive effects of the spectra due to scattering, the Origin Pro 8 (Origin Lab Corporation, USA) and the Unscrambler v9.7 (CAMO Software AS, Norway) software were used for further analysis. Immediately after spectral acquisitions, each egg was weighed (±0.01 g) and broken. The albumen height was determined (±0.25 mm) by means of a vertically mounted micrometer. Based on these measurements, the HU was determined by formula (1). The HU is of the utmost importance for the organoleptic and structural properties of the egg itself and it can also give an indication of food safety.
For selected eggs and for transmittance measurements, the spectra of each egg were correlated with the respective observed albumen and air cell height value to create a training set for the statistical algorithm. Figure 3 shows the absorbance units (non-destructive measurements) in median, mean, max, min, and percent transmittance versus the wavelength (nm) for egg samples.
Data Analysis
Contributions of the scheme can be summarized as follows:
• Using robust scheme for pre-analysis of data obtained from Vis-NIR spectroscopy.
• Using PCA and RBF network for obtaining a predictive model.
Due to the random selection of initial condition in numerical analysis, in most literature the best result of different runs of algorithms are presented that may not reliable or repeatable. For a solution to this issue, different methods are presented in this article as K-fold cross-validation, robust normalization, subset selection, and appropriate choice of RBF parameters that is introduced in later parts. In this article, the dimension reduction feature of PCA is used and then RBF network is used to assess the air cell an HU. Performances of the proposed method is evaluated for Vis-NIR spectroscopic data.
Robust Normalization
To obtain reliable conclusions about the data, it is necessary to consider robust approaches, able to neglect the outliers presence and to represent the data majority. This relies on finding proper estimates of the data location and scale.When data contains outliers, the data mean as well as its standard deviation are no longer reliable estimates. Robust centering and robust autoscaling can be done using their robust variants such as the median absolute deviation (MAD) scale estimators: [6] 
where x c is centered data vector,x N is normalized data vector and σ MAD x c ð Þ is robust standard deviation of the variable x c based on the median of absolute deviation scale.
K-Fold Cross-Validation
K-fold cross-validation is a training and simultanously testing method for the learning process. In this algorithm first the data set is partitioned into K-folds which are the same size. In next step, K-iterations of training and testing are applied such that within each iteration, different fold of the data is held-out for validation while the remaining K-1 folds are used for learning. [17] In this method every data has equal chance to engage in the learning and testing processes. The most common validation process used in K-fold algorithm is 10-fold cross-validation, which has been used in this article. 
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Dimension Reduction
Dimension reduction is one of the main tools for multivariate analysis, it is necessery for multivariate regressions in many applications. In this article, PCA as a dimension reduction approach, is applied without the consideration of the correlation between the dependent variable (outputs) and the independent variables (regressors). Therefore, it is called as an unsupervised dimension reduction approach, and other methodologies such as partial least squares (PLS) that consider output and regressor relation are considered as a supervised dimension reduction approach. A PCA algorithm is used for dimension reduction and regression. The extracted principal components are used as the input variables for the RBF network.
RBFs
The RBF network, is one form of artificial neural networks that can be considered as a three-layer network. Layers are input, hidden, and output as can be seen in Fig. 4 . The input layer task is to distribute the input data. In hidden layer each node containing activation function represents the radial function, its dimensionality is the same as the dimensionality of input data. The output from the jth node for the input object x i has the following functionality:
where : j j j j is the Euclidean norm and c j is the center of the jth RBF. [18] Most often and also in this article, the RBFs are Gaussian functions, characterized by two parameters, center (c) and width (σ). The output z j from the jth node for the object x i is calculated as:
The output node is a weighted sum of all the outputs of the hidden nodes. The response of each output node is a linear function of its input and a bias of w ko · The resulted RBF network model can be written as:
or in matrix notation:
where A is the activation matrix and W is weight vector: [18] A
Training RBF Networks
The following parameters are determined by the training process:
1. The number of neurons in the hidden layer.
2. The coordinates of the center of each RBF function (c j ).
3. The spread of each RBF function (σ j ). 4. The weights applied to the RBF function outputs in output layer.
As mentioned previously, the number of neurons in the hidden layer can have a big impact on prediction performance, so for better prediction, unlike many works, in this study we assumed each output has a different network of RBF and different parameters. The whole procedure is depicted in Fig. 5 . After robust normalization of Vis-NIR spectroscopy data, main components which have the most effect on outputs, is selected through PCA analysis. In the next step, the RBF network parameters are initialized, and using an exhaustive search, the best parameters are selected such that R 2 value for test data is maximized.
RESULTS AND DISCUSSION
After normalization using robust algorithem presented in the previous section, the dimension of the data set is reduced using the PCA method. For capturing more information within main components, 100 main components are chosen as there will be 100 measurement for training and 100 equations to be solved. In next stage, the RBF network is trained and tested. For this part as mentioned in previous parts, 10-fold cross-validation is incorporated. The main components obtained from PCA analysis are fed to the RBF network as inputs. The supervised back propagation is used to train the RBF network weights. Different spreads (σ j ) were trained and tested in order to find the best model. For obtaining this goal, a grid between interval of 1 σ j 10; 000 is defined and best value for each output for different storage condition is obtain. The best number of neurons for different storage conditions were obtained through exhaustive search as well. Figs. 6 and 7 , it shows the correlation between refrigerator data is slightly better than room data. The predictive model produced satisfactory results with a good coefficient of determination (R 2 = 0.767) in the entire range of the HU; about 80% of the samples were characterized by a maximum error of ±7 unit (Fig. 6) . The lower R 2 value obtained for the eggs at room conditions compared with that obtained for the eggs in the refrigerator conditions can be attributed to liquefaction changes of thick white albumen during storage. The albumen change during storage can also contribute to the prediction of the air cell height. The prediction of the HU can be partially attributed to the air cell height.
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From the figures, one can note that the prediction of the HU is good for the values kept in refrigerator, while the technique seems to be able to discriminate eggs kept in room conditions. Improvements of the Vis-NIR spectroscopy technique can be pursued using a different fiber optic probe, and above all, taking into consideration all the information contained in different wavebands. The light transmitted through the entire egg would be appropriate for practical use in an on-line application. Results demonstrated that the Vis-NIR spectroscopy technique has 
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potential for classification of egg shells, and the performance of the classification model can be improved by the feature extraction using PCA and RBF network.
CONCLUSIONS
In this research, non-destructive Vis-NIR spectroscopy and use of a fiber optic probe in direct contact of the egg shell was used to discriminate egg freshness during different storage conditions. To this end, the transmittance spectra of poultry eggs were analyzed and interpreted in terms of the main absorbance peaks. Then, RBF models using PCA and robust preprocessing methods were developed for prediction of HU and air cell height at spectral range of 300-1100 nm. The relationships between internal quality and different storage time, transmittance ratio versus different wavelengths and storage time were also developed. The transmission spectra measurements confirmed the good correlation between the spectral and observed data for HU and air cell height values. The developed models yielded a good prediction accuracy of HU for intact egg (R 2 value 0.745 and 0.76) as well as air cell height (R 2 value 0.835 and 0.844) for room and refrigerator conditions respectively. Although the suggested technology is not always able to correctly predict the freshness of single eggs, results indicated that the RBF network is suitable 
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for a rough screening and it can be used to select lots characterized by a number of eggs with high freshness indices.
